Prenatal care is considered an important tool for promoting a healthy lifestyle, but has not been studied as a predictor for maternal weight gain during pregnancy, especially in Romania, where evidence about pregnancy and nutrition is scarce. Objective This study has aimed to explore the relationship between pre-gestational body mass index (BMI), adequacy of prenatal care and weight gain during pregnancy. Methods We carried a cross-sectional study on a sample of 400 pregnant women admitted at the "Cuza Voda" Obstetrics and Gynecology Hospital in Iasi. Information regarding demographic characteristics, number of prenatal visits, date of the initial hospital record, nutritional education during pregnancy were registered throughout a questionnaire filled out by means of a direct interview. The anthropometric indicators analyzed were the pre-gestational BMI and the pregnancy weight gain. Data on caloric intake were obtained using a food frequency questionnaire. Results Weight gain within the limits of the Institute of Medicine recommendations was noticed at 44.35% of the women who declared that they received nutritional advice compared to 40.7% of those who did not receive advice regarding diet during pregnancy. Overweight (53.1%) and obese women (66.7%) had a larger weight gain than those with a normal pre-pregnancy BMI (29.8%) (p<0.001). The variables that were identified with an effect on weight gain in this sample of pregnant women were: inadequate prenatal care, pre-gestational BMI and energy intake. Conclusion Identifying the pre-gestational BMI and diet changes as predictors of weight gain underline the importance of an individualized prenatal care.
INTRODUCTION
Epidemiological studies have shown existing links between the birth weight and illnesses which begin several decades after birth. Barker proved that a delay in intrauterine growth causes a fetal programming which increases the risks of cardiovascular events and other degenerative diseases [1] . Intrauterine programming is commonly defined by an alteration of the genes expression, different levels of activity of enzymatic systems, a variation of the cellular divisions leading to a decreased number of cells in certain organs and an adjustment of the concentration or sensibility of the hormones [2] .
The effects of maternal over-eating on intrauterine programming of later life disorders arises great interest, mostly due to the increasing number of fertile women who are obese or have diabetes. Overweight and maternal hypertriglyceridemia have been associated with an increase in birth weight, adiposity, inflammatory cytokines and leptin hormones in children. All these lead to insulin-resistance and a higher risk for diabetes and obesity. Various studies on animals fed with diets rich in carbohydrates or saturated lipids during pregnancy have given emphasis to the centrally predominant growth of the adipose tissue proportion, as well as the change that can be observed in the expression of hepatic genes and those involved in the cellular development and in that of the insulin and leptin secretion in descendents [3] .
Subsequently to the report published by the Institute of Medicine (IOM, Washington) in 1990 on recommendations for weight gain during pregnancy, numerous studies have similarly pointed out the effects of weight gain on the mother's and child's wellbeing. Overweight has been linked with an increase in the risk of pre-eclampsia, gestational diabetes and cesarean section [4, 5] as well as the failure to initiate and sustain breastfeeding [6, 7] . Overweight and pregestational maternal obesity have been associated with a larger mass of adipose tissue in newborns and children [8] .
A series of authors have criticized the monitoring of weight gain during pregnancy using such arguments as the insufficient lack of evidence to attest the benefit of so doing on a routine basis. There are studies who conclude that weight gain as a unique indicator is not sufficiently sensible or specific in order to accurately evaluate the pregnancy outcome. Given the inconsistency of weight gain amongst women with low risk pregnancies and that of the multifactor origin as observed in perinatal conditions, using weight gain as a singular screening method is not recommended. As revealed by plenty of studies, any growth outside of body mass index (BMI) recommendations can be related to a higher risk of complications than generally anticipated under the recommended limits [9] .
A series of nutritional deficiencies have been observed in pregnant women and children in Romania. These findings have actually founded the basis of developing significant interventions in the National Health Program for Women and Children [10] .
OBJECTIVE
The main objective of the study was to assess the maternal anthropometrical indicators and the effects of prenatal care and nutritional education on weight gain during pregnancy.
METHODS
In September 2010, we carried out an observational study on 400 pregnant women hospitalized at the "Cuza Voda" Obstetrics and Gynecology Hospital in Iasi. The exclusion criteria were twin pregnancies, the patients' denial to participate, and obstetrical pathology. The information obtained from mothers was directly registered in a well-structured questionnaire filled in as a part of direct interview. The questions here comprised referred to the following aspects: demographic data, previous pregnancy experiences, using prenatal care, aspects regarding nutritional education during actual pregnancy, and aspects regarding changes in diet during pregnancy
The evaluated anthropometrical maternal parameters were pregestational BMI (established from the information written down by the family doctor in the patient's file or by using self estimations where these data were not available); height and weight at the end of the pregnancy, determined before birth; weight gain during pregnancy (the difference between the weight at the first doctor's visit and that as measured before giving birth).
In order to evaluate the nutritional state before pregnancy we used the WHO standards. The women in the group were divided according to the BMI in under-weight (BMI<18.5 km/m 2 ), normal weight (BMI 18.5-24.9 kg/m 2 ), overweight (BMI 25-29.9 kg/m 2 ) and obese (BMI>30 kg/ m 2 ). In view of weight gain evaluation by standards of pregestational BMI, we used 2009 recommendations given by the Institute of Medicine [11] .
The adequacy of prenatal care has been evaluated by determining the Adequacy of Prenatal Care Utilization Index (APCNUI) which regards the starting moment of prenatal care and the number of prenatal visits. The index is based on ACOG (American College of Obstetricians and Gynecologists) recommendations for high risk pregnancies and it consists of 4 categories. The one for inadequate prenatal care includes women registered with prenatal medical visits only after their 4th month of pregnancy or those with less than 50% of the recommended number of visits. Women prenatally consulted after the 4th month with 50-79% of the recommended number of visits are a part of the intermediate category. Those who begin their prenatal care within the first 4 months and participate 80-109% of the recommended number of visits stand for the adequate category while those with more than 110% of visits are the part of the adequate plus number of checks [12] . Data on energy intake during pregnancy were obtained using a previously validated food frequency questionnaire (FFQ) on a sample of young women [13] . The FFQ was completed by interview during 48 to 72 hours after delivery, because in our country almost all women were hospitalized for at least 3 days post-partum.
Sample size calculation was done using a single proportion formula [14] . We examined whether our participants differed from the regional population on the basis of age, area of residence and marital status by comparing them with census data using the Student t test.
Continuous data was expressed as an average, medium, minimum, maximum and standard deviation. The Shapiro-Wilk test was used to evaluate the normal distribution of the analyzed data. The chi-square test was used to determine significant differences between various categories formed out of the frequency data. The variance analysis (ANOVA) with independent/ uncorrelated scores was applied so as to compare means and the Levene test was used to verify the homogeneity of variance. We subsequently made use of the Bonferroni test in order to compare the categories of variables. When intending to identify the kind of variables with a predictor role associated to weight gain during pregnancy, we performed the multinomial logistic regression, the forward stepwise method. We determined the value Sig. Goodness-of-Fit (p>0.05) so as to check whether the model was adequate in terms of data. For the statistical processing of the data, we applied the SPSS programme (Statistical Package for Social Sciences) version 13.0 for Windows (Chicago, IL, USA).
The study was approved by the management department of the "Cuza Voda" Hospital of Obstetrics and Gynecology Iasi and the Ethics Commission of "Gr. T. Popa" Medicine and Pharmacy University. The study was conducted under informed consent of the mothers here involved. We paid full respect to the confidentiality and intimacy terms when maneuvering the data and records keeping of the participating subjects in the study.
RESULTS

Description of the analyzed sample
In the studied sample, the proportion of women from the rural environment was of 45.8%, and that from the urban environment was 54.3%. The average age of pregnant women in this lot was 27.53 years old. Most of them were between 19 and 30 (63.8%). The categories we established in terms of education levels were as follows: below 5 grades (4% of participants), between 5-8 grades (21.5%), between 9-12 (40%) and above 12 grades of school (34%). Women at their first birth predominated (49.5%), while women expecting their second child made up 32.3% of the group. Women with more than 3 pregnancies made up 18.2% of the group.
Most women (96%) benefitted from primary healthcare, while 81.4% visited their general practitioner in their first trimester. The average number of check-ups was 9.58 (ESM=0.24, SD=4.88). Out of this lot, 18% underused prenatal care (under 4 visits), 28.5% had between 5-9 checkups, while 53.5% had more than 10 visits of the general practitioner and a specialist. We established the APN-CUI index (adequacy of prenatal care utilization) which showed that 23% of the women had inadequate prenatal care; 8.3% a medium level of care, 15.3% were adequate, while 53.5% had an adequate plus level of care.
In the studied sample, 42.3% of the women declared that they received advice regarding diet during pregnancy. Amongst the women who declared having received dietary advice the predominant proportion inclined to the favor of the women with an adequate plus by the APNCUI index (70.4%). Those with just adequate care made up 10.1% of the women who received nutritional advice. Women with an inadequate and intermediate index made up 10.7% and 8.9%, respectively of the women who were counseled in terms of their diet (χ 2 =40.36; p<0.001). In the studied lot 39.5% of the pregnant women declared to ate more than it is commonly the rule, 11.3% said they ate less, while 49.2% did not make any diet changes throughout the pregnancy.
Weight before pregnancy, the pregestational BMI and pregnancy weight gain were determined for 95.5% of the subjects from within the group (382 pregnant women). The average pregestational BMI was 22.31 kg/m 2 (95%CI; 21.92-22.68 kg/m 2 ). Underweight women made up 11.8%, normal weight women were 66.6%, those overweight were 17% of the group while the obese made up 4.6% of the total.
Average weight gain in this lot was around 14.24 kg (95%CI: 13.79-14.86 kg). It was noticed that 22.7% of the participants had a slower weight gain than usually recommended, while 35% had a larger weight gain than advised for that particular BMI category. The adequate weight gain process was observed in 42.3% of the participants.
Analysis of the determinants of weight gain
We analyzed the weight gain of women in the studied sample according to the 2009 recommendations from the Institute of Medicine for each BMI category [11] . The weight gain of women with a pregestational BMI<18.5 kg/m 2 was around 15.28±4.94 kg. The weight gain of normal weight women was of 14.34±4.77 kg, while that of overweight women was 13.41±5.61 kg, and for the obese the gain was about 13.11±7.52 kg.
In the group of women with a pregestational BMI<18.5 kg/m 2 , 26.7% had a weight gain below the recommended one, 22.2% above the recommended one and 51.1% were in the recommended limits of the IOM.
In the group of normal weight women 27.5% had a weight gain below the recommended one, 29.8% above the recommended one and 42.7% within the limits of relevant recommendations. As far as overweight women are concerned, 6.3% had a weight gain lower than the recommended one, 53.1% a larger gain than so recommended while 40.6% had an optimal weight gain. In the group of obese women, with a BMI≥30 kg/m 2 , 16.7% had a suboptimal increase, 16.7% an optimal weight increase and 66.7% a weight gain higher than that recommended during pregnancy (Table 1) .
We noticed a larger proportion of women with a weight gain higher than IOM recommendations amongst obese and overweight women than among normal weight and underweight ones. A weight gain lower than recommended was more frequently noticed among underweight and normal weight women. The categories of women with a weight gain within the recommended limits of IOM were the normal weight and underweight ones (χ 2 =29.52; p<0.001) ( Table 1) .
A weight gain higher than recommended was registered in 37.1% of the women who received dietary advice compared to 33.5% of those who did not receive such advice. Weight gains within the recommended limits were most often seen among women who received nutritional advice during pregnancy (44.3% compared to 40.9%) but this association was not statistically revealing (χ 2 =2.66; p=0.264). Adequate prenatal care was linked to weight gain. As a part of the group with an inadequate index, the women with a lower weight gain than recommended were the ones who prevailed. In general, intakes of energy and nutrients were slightly higher in women with a higher as compared with those with adequate weight gain during pregnancy (Table 2) .
We noticed that women with a caloric intake on the upper quartiles had more frequently a higher weight gain than the recommendations of IOM (χ 2 =16.13; p=0.003) ( Table 2) .
Predictors of weight gain
The multinominal logistic regression was calculated in order to establish which of the following factors can determine three different categories of weight gain during pregnancy (1 -small, 2 -recommended, 3 -large): the APNCUI index, age, background, number of births, pregestational BMI and caloric intake throughout the pregnancy. The predictor variables with substantial contributions to the regression model as selected through the forward stepwise method were: APNCUI index, age, pregestational BMI, energy intake (likelihood ratio ChiSquare test p<0.001) Table 3 shows the adjusted odds ratios (95% confidence intervals -CIs) for the associations between these characteristics and the category of weight gain according to the IOM recommendations. To interpret the results, the odds ratios for the 'lower than recommended' , and 'higher than recommended' classes should be compared against the 'adequate weight gain' category.
Women in the "lower weight gain than recommended" category had higher odds of inadequate prenatal care (compared adequate + APNCUI index) and smaller odds of being adolescent or overweight (compared with the women with prenatal normal weight).
Women in the 'higher weight gain than recommended' category had higher odds of pregestational obesity (compared with those with normal pregestational BMI) and of an energy intake on the upper quartile (compared with the women with caloric intake in the second and third quartiles), while adolescents had smaller odds of an excessive weight gain during pregnancy (Table 3) .
DISCUSSION
The "Weight Gain during Pregnancy: Reexamining the Guidelines" [11] report underlined the fact that there are multiple determinants of weight gain during pregnancy. Environmental factors such as social factors (living standards, cultural factors, mass media, access to the means of physical exercise) were mentioned along with community factors (public health programs, prenatal care) and family determinants (family violence, marital status, family support). There are also maternal factors: demographical ones (age and parity), genetic, physiological and anthropometrical ones (pregestational BMI, metabolic and hormonal changes), psychological and behavioral factor (food consumption, physical exercise). The analysis of the determinants of weight gain is complex enough and it must integrate their intervention in a holistic model [15] . In our sample, a number of 42.3% of participants had an adequate weight gain.
An inadequate weight gain was associated with inadequate prenatal care, diet changes and prenatal BMI. In- adequate prenatal care was an important predictor of a smaller weight gain than recommended. This observation could be a consequence of social inequity or particular health believes. A review underlined the fact that belonging to certain ethnic groups, education levels and a low pre-gestational BMI, as well as the lack of nutritional advice, can constitute predictive factors of a lower weight gain than recommended while overweight, multiparity and young age can be indicative of a higher weight gain than recommended by the IOM [16] . In our study, women who benefitted from a larger number of prenatal checkups had an optimal weight gain more often. However, we noticed the lack of major associations between nutritional advice and weight gain. Weight gain within recommended limits was most frequent among women who received nutritional advice during pregnancy but this association is not statistically significant. The impact of recommendations regarding weight gain were emphasized in numerous studies, highlighting the fact that messages transmitted during prenatal consultations can influence the women' perceptions regarding the optimal weight gain [17] . The characteristics of intervention methods, the content and frequency of educational measures as well as the socio-economic particularities of the pregnant women groups led to discordant results in interventional studies [9] . The effect of recommendations regarding adequate weight gain is also influenced by the attitude of the people receiving prenatal education. An evaluation of the participants in the the Special Supplemental Nutrition Program for Women, Infants, and Children (WIC program) emphasized the importance of prenatal care in preventing a low weight gain at the beginning of the pregnancy and a high weight increase throughout the entire pregnancy [18] .
In order to optimize pregnancy weight gain the best strategy is preventative, encouraging women to reach and maintain an optimal weight from the preconceptional stage [19, 20] . In the analyzed lot, overweight and obese women had a smaller weight gain than other women, but this was higher than recommended. We also noticed that the frequency of a higher than recommended weight increase was greater amongst obese and overweight women than normal weight and underweight ones. However, a weight gain smaller than recommended was observed more repeatedly among underweight and normal weight women. The groups of women with a weight gain within the recommended limits were that of normal and underweight women.
Pregestational BMI is reversely correlated to weight gain. Chu et al. [21] have emphasized that pregestational obesity is the strongest factor which affects weight gain during pregnancy and that obese women report the smallest weight gain, similar to the results of our study.
Studies performed in the USA pointed towards a percentage of 30-50% of pregnant women with a weight increase outside the limits recommended by the IOM [16] . Data from the WISH project (Women and Infants Starting Healthy) showed that 24.1% of overweight and obese women had a weight gain larger than recommended while 51.2% of underweight women had a lower gain than recommended [11] .
In this sample, teenagers had a lower risk of inadequate weight gain, with 70% of them presenting a weight gain within the limits recommended by the IOM. This conclusion is quite surprising if taking into consideration the fact that this age category is considered to be at a high nutritional risk and it requires high nutritional guidance [22] . This finding is important taking into account the consequences of inadequate weight gain for adolescents. A greater weight gain than recommended was associated with an increase in the frequency of macrosomic infant girls [23] and has been linked to overweight and obesity [24] .
In our sample, there was a significantly higher intake of macronutrients among women with excessive weight gain. These women had a significantly higher average intakes of protein (%), lipids and carbohydrates.
In the meta-analysis conducted by Kramer, there were not significant differences in macronutrient intake between the groups of weight gain in early pregnancy, while in the late pregnancy there were significant differences between categories and particularly in the case of overweight women. The total amount of protein, fat and carbohydrates contributed to weight gain. Energy intake from macronutrients was associated with weight gain only among overweight women [25] . In another study, weight gain at the end of the second trimester of pregnancy was associated with a higher proportion of protein and animal fat intake and with low intakes of carbohydrates [26] .
The limitations of the study
As far as the pregestational weight is concerned, we used the value declared by the women in the study. In order to appreciate this parameter, it is recommended to use the weight reported by them or that registered in the first two months of pregnancy [27] . In both situations, there are systematic errors. This constitutes a source of error in the case of overweight women who tend to declare a smaller weight than the real one. As a consequence, if declaring their weight to be normal, the results of the study can underestimate the relationship between pregestational BMI and weight gain during pregnancy [28] . Regardless of this, there are studies which show that the value declared by the mother is correlated to the real weight [29] . A study done by Oken et al. [30] demonstrated a 0.99 correlation coefficient between the self-reported weight and the registered one.
The participants in the current study proved to be highly indicative of the pregnant women category here, in this specific region of Romania. Thus, we must therefore be cautious about the conclusions we draw as a consequence of the subgroup analysis and test the hypotheses that arise from these findings in future studies.
CONCLUSION
Pregestational BMI has a major role in the weight gain during pregnancy. By applying the multinominal logistic regression, we were able to thus identify predictors of weight gain, as follows: inadequate prenatal care, pregestational BMI, changes in diet. Overweight and obese women as well as underweight ones must be more carefully examined throughout their pregnancy. Any dietary changes ought to be closely monitored as a part of the prenatal consultations in order to ensure that an adequate weight gain is maintained within the limits of the recommended guidelines.
КРАТАК САДРЖАЈ Увод Пре на тал на не га се сма тра зна чај ним сред ством уна-пре ђе ња здра вог на чи на жи во та. До сад, ме ђу тим, ни су оба-вље на ис тра жи ва ња на ову те му, као пре дик то ра до би ја ња на те жи ни труд ни це, а на ро чи то не у Ру му ни ји, где су ве о ма рет ки по да ци о труд но ћи и ис хра ни. Циљ ра да Ис тра жи ва ње је би ло усме ре но на ис пи ти ва ње од но са из ме ђу пре ге ста ци о ног ин дек са те ле сне ма се, аде-кват но сти пре на тал не не ге и до би ја ња на те жи ни то ком труд но ће. Ме то де ра да Ово уна кр сно ис тра жи ва ње је об у хва ти ло 400 труд ни ца ко је су при мље не на Кли ни ку за ги не ко ло ги ју и аку шер ство "Ку за Во да" у Ја ши ју, у Ру му ни ји. По да ци ко ји се од но се на де мо граф ске од ли ке ис пи та ни ца, број пре на тал-них пре гле да, да тум пр вог бе ле же ња по да та ка у бол ни ци и еду ка ци ја о ис хра ни то ком труд но ће до би је ни су упит ни ком ко ји је по пу ња ван то ком ди рект ног ин тер вјуа. Ана ли зи ра-ни ан тро по ме триј ски по ка за те љи об у хва ти ли су пре ге ста-ци о ни ин декс те ле сне ма се и до би ја ње на те ле сној те жи ни то ком труд но ће. По да ци о ка ло риј ском уно су до би је ни су при ме ном упит ни ка о уче ста ло сти уно са хра не. Ре зул та ти До би ја ње на те жи ни у гра ни ца ма од ре ђе ним у скла ду с пре по ру ка ма Ин сти ту та за ме ди ци ну у Ва шинг то ну за бе ле же но је код 44,35% же на, ко је су, пре ма соп стве ној из ја ви, до би ле са вет о ис хра ни то ком труд но ће, у од но су на 40,7% же на ко је ни су до би ле та кав са вет. Код труд ни ца пре ко мер не те жи не (53,1%) и го ја зних ис пи та ни ца (66,7%) утвр ђе но је ве ће по ве ћа ње те жи не не го код же на нор мал не те ле сне те жи не то ком труд но ће (29,8%) (p<0,001). У овој гру-пи труд ни ца уста но ви ли смо сле де ће ва ри ја бле ко је мо гу ути ца ти на до би ја ње те жи не: нео д го ва ра ју ћа пре на тал на не га, пре ге ста ци о ни ин декс те ле сне ма се и енер гет ски унос. За кљу чак Од ре ђи ва ње пре ге ста ци о ног ин дек са те ле сне ма се и про ме на у ис хра ни као пре дик то ра за до би ја ње на те жи ни ис ти че зна чај ин ди ви ду а ли за ци је пре на тал не не ге. Кључ не ре чи: пре ге ста ци о ни ин декс те ле сне ма се; до би ја-ње на те жи ни то ком труд но ће; пре на тал на не га; ну три тив на еду ка ци ја 
